In this study, the "4MAT (4 Mode Application Techniques) Teaching Model" and "Interdisciplinary Concept Model", the applications of which aimed to gather different disciplines around the selected concepts, were integrated within the scope of the disciplines of mathematics and social studies. For this study, these two models were combined to develop and test what was designated the I4MAT (Interdisciplinary 4MAT) model. The study was planned with a pretest-posttest, control group, experimental design. The study involved 65 students (primary school, 2016). This study found that the attainment level of students and their mean scores significantly favored the experimental group. It also found that education with the I4MAT model effectively and fully attained the learning aims and achievement and that the scores differed in the control group according to their learning styles.
INTRODUCTION
In today's world, people who have a single source of information and use this information in accordance with a single discipline cannot effectively generate multiple solutions. In social life, which has become more complicated due to new technologies and communication instruments, when people use different perspectives to find solutions to problems encountered in social life and thereby gain the habit of lifelong learning, the application of interdisciplinary methods can be successful. Therefore, teaching that is based on an interdisciplinary structure and qualified teachers who can carry out this teaching are required in the education process. The interdisciplinary study approach is an integration process (Klein, 2002) . Integration constitutes the most challenging and critical component of the interdisciplinary process. The component that Klein (1990) cites as being the "complicated reality of conducting an interdisciplinary study" is integration. Interdisciplinary integration is an assessment process involving the analysis of targets of relevant disciplines (Boix Mansilla, 2005; Lattuca, 2001) . Integration is based on the analysis of discipline-based targets and the perspectives or resolution of a problem, followed by their subsequent integration within the frame of various methodologies in the light of this analysis (Lattuca, 2001) . Integrated disciplines and curriculum models developed along this perspective follow the constructivist perspective closely (Davis & Knobloch, 2002) , as the more teaching is integrated, the more it will be constructivist (Klein, 2002, p. 14) . Lattuca (2006: 355-356 ) discussed constructivism and the interdisciplinary approach together and defined it as "constructivist pedagogy." According to Lattuca, constructivist pedagogy does not reduce the teaching responsibility of the teacher but rather extends the definition of teaching. Teaching is realized not only by presenting the content, but also by designing experiences that encourage and ensure learning. Constructivists assume that students are endowed with the requisite information and beliefs to form the basis for them to understand the world, no matter how inexperienced they may be.
To foster interdisciplinary teachers, interdisciplinary teaching must be based on the perception of constructivist pedagogy and programs need to be developed based on this perspective. In this context, it is important to create models that combine constructivist methodology and interdisciplinary perspective and to present the results of the practices related to these models. The models and approaches that are used for applying the constructivist approach in the teaching process include the 5E learning cycle model, project-based learning, problem-based learning, brainbased learning, cooperative learning, the 4MAT teaching model and active learning. These models and approaches were developed for the purpose of facilitating a learning environment that encourages applying prior knowledge to new information about the content and using the results (McManus, 2001, p. 425) .
Among the aforementioned models, the 4MAT teaching model is an integrated teaching approach, which enables different teaching strategies and methods based on the constructivist theory to be compiled. This model also encourages students to develop their own understanding and perceptions. Using different teaching strategies together in an integrated way makes learning more interesting and supportive and increases permanency (Merrill, 2001; Raija, 2001 cited by Pruekpramool, 2011) . Many studies have revealed that using an integrated teaching approach, rather than traditional teaching approaches that adopt standardized strategies, allows students to structure the knowledge in their minds in a more effective way (Beane, 2016; Brears, MacIntyre & O'Sullivan, 2011; Czerniak & Johnson, 2014; Lafer, 1996; Lattuca, 2001) . Additionally, integrated teaching approaches, such as the 4MAT, facilitates effective and substantial learning and directs students to cooperative learning and relational thinking (Ahuja & Jahangiri, 2003) . The 4MAT teaching model is commonly used by teachers, and it helps them to perform cooperative activities. Therefore, to develop a strong interdisciplinary program, the use of this model is effective, as it includes the advantages mentioned and an integrated teaching approach (Blair & Judah, 1990 ). Accordingly, this study proposes a model involving the interdisciplinary approach and the 4MAT teaching model, which as an integrated teaching approach will serve to contribute to the establishment of an interdisciplinary teaching environment within the framework of the constructivist pedagogy. In effect, this study integrates the "Interdisciplinary Concept Model" developed by Jacops and Borland (1989) and the 4MAT teaching model, which is student-centered and based on different teaching styles. This study also introduces and tests a model within the framework of mathematics and social studies disciplines. The "Interdisciplinary Concept Model" was selected in this study because the aim was to gather different disciplines around a concept. Moreover, the reason for the selection of the 4MAT teaching model based on the constructivist pedagogy was that this approach
Contribution of this paper to the literature
• To ensure meaningful learning, it is necessary for students to realize and apply the uses of mathematics in social life. In this study, an interdisciplinary teaching model based on the learning styles using social mathematics as a base was planned and implemented, and its effectiveness was demonstrated. In the literature teachers need the guidance of interdisciplinary lesson plans that are integrated with studentcentered models based on the approaches in the curriculum. The curriculum design in this study integrates primary-level social studies and mathematics curriculum and is a step towards meeting this need. Studies referred to in this study prove that teachers make only associations between concepts and disciplines, and they have problems how to design an interdisciplinary curriculum design teaching environment. The literature showed that there have been various studies conducted based on the 4MAT teaching model and on the interdisciplinary concept model; (Blair &Judah, 1990; Bonk, & Zhang 2006; Nicoll-Senft, & Seider, 2009; Nowacki, 2011; Pruekpramool, 2011) . In today's world, it has become important to improve the skills of the 21st century. For this reason, teaching environments should be organized based on the interdisciplinary perspective in line with the changing needs. Today, interdisciplinary learning frameworks should be created, and educational programs should be connected with the STEM (Scinece Technology Engineering and Mathematics) education in order to provide an opportunity to train individuals who focus on appropriate production for the skills of the 21st century.
allows the teaching environment to be organized around targeted concepts and supports the use of different strategies by facilitating an integrated teaching approach (Jacops & Borland, 1989; Mccharty, 1987; 2003) .
The 4MAT Teaching Model
The 4MAT teaching model was created by Bernice McCarthy in the 1970s. This model transforms the concept of learning styles into educational strategies and is based on the constructionist approach. The model is founded on the four learning styles examined by Kolb (1984) . In this model, individuals perceive and process knowledge in different ways. Individuals' ways of perceiving knowledge are based on concrete experiences and abstract conceptualizations. When learning new things, some individuals consider their concrete experiences directly and perceive by sensing and feeling. Their processing of knowledge highlights reflective observation and active experience abilities. On the other hand, some individuals process or organize knowledge by observing, and others by doing and practicing (Gülpınar, 2005; Peker, 2003) .
In this model, students have concrete experiences that produce reflective observations.
Reflective observation is described as the process in which individuals make sense of opinions from a variety of perspectives in the circle of learning. For instance; Type 2 learners, who are called analytical learners, perceive knowledge by abstract conceptualization, and process it through reflective observation. They integrate their observations with the things they already know, and create theories. They feel the need to know what specialists think. They evaluate the knowledge they obtain and encounter, and examine their experiences based on systematic thinking with use of this knowledge.
These observations enable them to make abstract conceptualizations that create generalizations and rules. Using these generalizations, students reach active testing which result in highly concrete experiences. This process is called the learning circle which is based on learning styles. McCarthy (1987) divided the circle, which she called the 4MAT wheel into eight steps, and designed it as a process consisting of activities that are suitable for students with different learning styles. McCarthy also called this process the natural learning period. In this wheel, teachers wander around the wheel and they teach with the differences in students' personalities in mind using instructional strategies suitable for the learning style of each student. To achieve this, teachers are supposed to design their instruction in a framework that considers personal differences and includes the entire circle (Ballone, 2001, p. 123; McCharthy & McCharthy, 2003; p. 33) . The 4MAT teaching model is more than a model since it is a way to place the knowledge elements at the center and organize them around the concept being taught. In addition, the researcher believes that this model is suitable for structuring other instructional practices, including Bloom's taxonomy and cooperative learning. For the 4MAT to be successful teachers need to be aware of learning strategies. Teachers should determine conceptual goals, respect students' differences and create a learning environment that leads students to the core of concepts (Altun, 2007; McCharthy & McCharthy, 2003, p.123-124) .
Discussions about real life experiences offer good opportunities to determine misconceptions. The 4MAT teaching method presents activities that have pupils find answers to the questions Why? What? and How? Mind maps, worksheets, experiments, preparing and presenting projects are among these activities, and they can easily be adapted to the steps of the 4MAT. In these activities, students continuously research and solve cases connected to the subject (McCarthy, 2000a; 2000b) . The 4MAT teaching model is an eight-stage instructional cycle that makes use of individual learning styles (Bıkmaz, 2001 ). The first quarter and the first step is "connect", and its second step is "examine"; the second quarter includes the third step, "image" and the fourth step, "define". Its third quarter includes the fifth step: "practice", and the sixth step, "extend". Its fourth quarter includes the seventh step, "refine", and the eighth step, "integrate" is named. The first and second steps of the first quarter are where students use their experiences. The aim of this stage is to make connections between the student's environment and concepts. The fundamental question at this stage is "Why?" The third and fourth steps of the second quarter are where individuals learn what a concept is. Students analyze their experiences and shape concepts. The fundamental question at this stage is "What?" The fifth and sixth steps of the third quarter are the stages where students implement the concepts and learning is individualized. The fundamental question at this stage is "How?" The seventh and eighth steps of the fourth quarter are the stages where practice and experience are integrated. The fundamental question of this stage is "If?"
The 4MAT model is a student-centered model. It organizes learning according to the needs of students, and it provides a framework for teachers to plan eight-stage learning activities in a systematic cycle. When all quarters of this cycle are brought together, they form a developmental learning cycle which includes the transition from subjectivity to objectivity for integrated learning (Kegan, 1982) . Thus, the 4MAT teaching model effectively improves the holistic thinking style that is the basis of interdisciplinary approaches. The next section will comprehensively present the content of the eight-stage curriculum for mathematics and social studies with the interdisciplinary concept model and the 4MAT teaching model as well as the process of its development.
Interdisciplinary Concept Model
In today's world, each discipline has a specific doctrine, professional language, distinct terminology, pioneers and followers (Becher, 1989; Parker, 2002) . It is possible to improve information and science literacy, comprehensive research skills and creative thinking by synthesizing methodologies and concepts of different disciplines and thereby adopting an interdisciplinary perspective. Jacobs (1989) describes the interdisciplinary approach as: "the approach that consciously employs the methods and knowledge of multiple disciplines to examine a concept, subject or problem". The interdisciplinary approach focuses on a single concept, problem or subject, and combines it with knowledge and skills from relevant areas that can illuminate that concept from different perspectives (Jacobs, 1989 ).
An interdisciplinary approach integrates areas rather than isolates them. To ensure effective learning, there should be consistency in synthesizing the different subject areas. Programs based on interdisciplinary approaches include more information than that of one-discipline approaches. However, it is not always possible to integrate all issues. With the interdisciplinary approach, integration is possible if there is significant and appropriate information between disciplines. Connections between disciplines should be strong and easily understandable (Chrysostomou, 2004; Tchudi & Lafer, 1996) . Interdisciplinary teaching enables students to realize connections between subject areas (e.g. connections between literature and history or mathematics and science). It is different from discipline-and area-based teaching in that it does not create gaps in subject areas; rather, it connects the content and consciously defines relationships between subjects (Jacobs & Borland, 1986 ).
Jacobs and Borland suggest a four-step model to develop a program based on an interdisciplinary approach. The first step is to select a subject or theme on which the program will be based. During the selection of the subject, the primary concern should be to prevent the subject from being too comprehensive or too narrow in scope. For example, selection of "human" as the subject may cause difficulties in limiting the subject. Or a narrow-scoped subject such as "cell nucleus" cannot be effective in developing an appropriate interdisciplinary program. Therefore, the subject should be conceptual and comprise different fields. For example, the concepts such as economics, democracy, energy, revolution, inflation, environment, climate, and transportation can integrate various disciplines in accordance with the relevant interdisciplinary approach (Jacobs, 1989; Jacobs & Borland, 1986) . The second step is called "brainstorming aids". In this step, the sub-subjects that can be related to the selected subject and the disciplines that can be related to these sub-subjects are listed. During this process, it is important to identify as various disciplines and concepts as possible. Then, the teacher or educator determines the disciplines that can be important in teaching the selected concept. The selected concept, subject or theme is the focus when listing the related disciplines depending on this theme. The disciplines represent the standard school subjects such as mathematics, language, arts, social sciences, human sciences, philosophy, and science. Then, the teachers or educators who prepare the program indicate the relationships between the concept, theme or subject and the selected disciplines upon brainstorming, on condition that they are informed about the identified disciplines. This technique prevents overlooking some disciplines (Jacobs, 1989; Yıldırım, 1996) .
In the third step, the scope and order are determined for the guiding questions. During the brainstorming, a systematic structure is created by associating the identified concepts and subjects with the disciplines. During this phase, the most important issue is to address the "Potpourri Problem" defined by Jacobs. The "Potpourri Problem" means teachers' tendency to make an interdisciplinary unit that includes sample information from each discipline. An important problem during this phase is that a slight association of a course on the selected theme or subject with the sciences, mathematics, social sciences and foreign language is perceived as interdisciplinary teaching. In this process, teachers should create interdisciplinary questions or questions for the identified concepts or themes similar to the section titles in textbooks. In the interdisciplinary learning environment, teachers should explain to the students why and within the scope of which discipline the study will be carried out to maintain the students' attention. Otherwise, there is a risk that the practice cannot take precedence over several interesting activities. Therefore, the questions should be developed within this framework. During the second phase, questions are created for all of the identified concepts. It is not aimed yet to ask a different question for each concept. The questions can cover multiple concepts. In the end, a certain framework is obtained (Jacobs, 1989) .
During the fourth step, the teacher writes an activity for the plan, and forms a lesson plan as well. Appropriate activities are designed for the questions. Various methods and techniques, as well as all instructional experiences, can be included in the design of the activities. The practices included should promote both individual and cooperational learning. The activities should be prepared based on a well-structured behavioral objective. Each step should be evaluated. While developing the program, the related disciplines should be integrated by providing opportunities for the interdisciplinary development of the selected subject, and activities should be designed at each step. This process should be maintained considering the selected theme, concept or subject. The activities, objectives, content, practices and evaluation methods are determined based on the questions that are identified during the third step. The Interdisciplinary Concept Model is used at each educational stage such as primary schools, secondary schools, or universities. This model can be used for interdisciplinary integration and to combine many techniques. In addition, students can find an opportunity to benefit from a curriculum that involves an interdisciplinary approach rather than theories alone (Jacobs, 1989) . Accordingly, this study proposes a model involving the interdisciplinary approach and the 4MAT teaching model, which, as an integrated teaching approach, that will serve to contribute to the establishment of an interdisciplinary teaching environment within the framework of the constructivist pedagogy. In this context the aim of this study was to integrate the "Interdisciplinary Concept Model" with the "4 Mode Application Techniques" teaching model, which is a student-centered model based on learning styles and the learning circle for mathematics and social studies and to examine the effect of education on the attainment levels of the students and their learning acquisitions (Ministry of National Education 2015a; 2015b). Study problems include:
• What is the effect of the teaching practices on achievement of the students constituting the experimental and control group?
• What is the effect of the teaching practices on the level of attainment of learning acquisitions of the students constituting the experimental and control group?
• Is there any significant difference between students' learning styles and achievement scores of the control and experimental group?
METHODOLOGY
This study examined the effectiveness of a model developed based on the 4MAT teaching model and the interdisciplinary concept models on the students' level of attainment of learning acquisitions and achievement. A pretest-posttest, control group, experimental design was used to find out the cause and effect relationships between the variables that constituted its research model.
Developing Content for Model
This study created a curriculum that integrated the interdisciplinary concept model, which brings together a concept or concepts from different disciplines, and the 4MAT model, which focuses on elements of knowledge and makes it possible to organize the teaching environment based on the concepts being taught (Jacobs & Borland, 1986; McCarthy, 1987; 2003) . The main aim of the interdisciplinary concept model is to bring together different disciplines around a subject, problem or theme (Jacobs & Borland, 1986) . This model aims to teach interdisciplinary concepts using a holistic approach and create awareness in students about interdisciplinary connections. This model describes a four-stage process for developing an interdisciplinary learning environment. The first stage, selecting an organizing center, includes the selection of concepts or subjects that are suitable for the interdisciplinary approach and capable of integrating different disciplines. In this study, the concept of "production -consumption -distribution cycle" was selected since it may be appropriate for the interdisciplinary approach and is associated with the social sciences and mathematics curricula for the 4th grade. This concept is neither too comprehensive nor too narrow-scoped, and is appropriate for the interdisciplinary approach. In addition, the selected concept can cover different fields of the subject, such as various subjects and concepts in the discipline of mathematics.
The second stage is the brainstorming associations. This stage determines the sub-concepts or subjects that are related to the main concept or subject by brainstorming, and lists the disciplines to which they may be related. The aim of this practice is to find as many concepts as possible and make accurate connections between them and the disciplines. It is important to determine the disciplines in which the selected concept can be taught most successfully. For this reason, it is not necessary for all disciplines to be included in the process. This study made associations between the production, delivery and consumption and the skills of research. These include critical thinking, creative thinking, problem-solving, and reading tables, diagrams and graphs, which are taught in the fourth grade social studies curriculum, and the learning acquisitions of using presentations to demonstrate collected data, establishing and solving and problems related to daily life using data in bar graphs, tables and other graphs, communication and correlation skills, all of which are also taught in the fourth grade mathematics curriculum.
In the third stage, establishing guiding questions to serve as a scope and sequence, the model is used to create a systematic structure for the selected subjects. The students identify problems or questions that connect the concepts. For the purpose of integration, it is important that these problems address to the selected disciplines simultaneously. Holistic teaching can be achieved by organizing instruction around common problems and effectively integrating knowledge from different areas to solve them. It is important that the questions posed to students are arranged from the simplest to the most complicated and include the questions What? Why? How? and If? (Jacobs, 1989; Lattuca, 2001; Rosenfield, 1992; Yıldırım, 1996) . The characteristics of this stage are similar to those of the 4MAT model. In the third stage of the interdisciplinary concept model, the roles of teachers and students shift depending on the question Why?, in the first quarter, What? in the second quarter, How? in the third quarter and If? in the fourth quarter (McCharthy, 2000b) .
The questions created in the third stage serve as the basis for the next, writing activities for implementation, in which the curriculum is developed and the goals, content, implementation and evaluation methods are determined. As disciplinary instruction, the teaching techniques should be varied. The students should be given opportunities to do group projects, be involved in learning centers, discussions and research to reflect the interdisciplinary approach in the content of the curriculum. Multidimensional problems founded on the subject and the main discipline should be selected for activities. It is also necessary to identify the methods and principles for evaluating students' achievement while focussing on the process and the results. Moreover, it is important to collect data that make it possible evaluate the instructional process. 
Curriculum Design for Teachers
The first quarter: step 1 (building connections)
Goal: This step provides an opportunity for personal experience.
Activity: Given examples of the concepts of production, delivery and consumption in real life, the students make correlations between these concepts and their daily lives. They perform an activity that gives them an opportunity for a personal experience. With this purpose, the teacher presents students the text named "An Ice Cream Story" to give them ideas about the concepts of production, delivery and consumption. In this story, a boy named Alican was talking with ice cream in his dream. This text tells, in the voice of milk, sugar and salep, how ice cream consists of a mixture of milk, sugar and salep, and how these ingredients reach the plant for the production process before being delivered and consumed.
The teacher poses questions to get the students to describe the production, delivery and consumption of ice cream, generating a discussion for them.
Questions about the text:
1. Which products are mentioned in the text given to you? 2. What are the stages in the production of these products? Who takes part in them?
3. How and by whom were the ice cream ingredients taken to the ice cream factory?
4. Where did the ice cream go after it was delivered to markets and groceries?
When students are answering the questions posed to them, the teacher creates a good environment for discussion and builds meaningful connections between their environment, personal experiences and the concepts of production, delivery and consumption. They are encouraged to share experiences like those in the production of the products in the text.
Evaluation: The teacher evaluates the quality of students' participation and their comprehension of the problem given to them.
The first quarter: step 2
Goal: In this step, the teacher analyzes the experiences gained in the first step.
Activity: The goal is to have the students discover the concepts of production, delivery and consumption as a result of the activity they performed in the first step, and create a network of production, delivery and consumption for the products. So the students are asked to go beyond the experience and look at the parts, analyzing them. The class is divided into groups to identify their shared experiences and individual perceptions. The students and the groups are asked to make mind maps of the stages of the circle of the products' production, delivery and consumption. Then, the groups' spokespersons are given the opportunity to present the mind maps to the entire class and exchange opinions afterwards. Thus, the students discover the whole by analyzing smaller parts of it and structure the cycle of production, delivery and consumption in their own minds. The students are encouraged to do metacognitive thinking by listing their opinions, analyzing the parts of the cycle of production, delivery and consumption and clarifying their experiences.
Evaluation: The teacher analyzes the data collected in the first step and examines students' ability to form the cycle of production, delivery and consumption and their participation in discussions. The accuracy of their mind maps is evaluated in class discussions.
The second quarter (concept development): step 3
The students' observations are conceptualized in this step. The teacher is more active.
Goal: In this step, individuals integrate their observations into concepts. The concepts of the cycle of production, delivery and consumption, which are discovered in the first and second steps, are conceptualized. Activity: The teacher asks these discussion questions.
• When we think of the transformation of sugar, salep and milk used to make ice cream, how can we describe this operational process in real life?
• When we think of the process including the supply of the materials required to make ice cream, bringing them to factories and then delivering them to markets, how can we describe this operational process in real life?
• When we think of the purchase of ice cream by children and adults after it is delivered to markets and groceries, how can we describe this operational process in real life?
These questions will get students to analyze their experiences, and form concepts for the cycle of production, delivery and consumption. To do this, the students choose titles for each step of the mind maps created in the last step. The teacher uses the strategy of imagining giving students the chance to look at the concepts from another perspective.
The purpose of this implementation is to make the concepts deeper, give the students an opportunity to improve the concepts in their minds by using their creativity and critical thinking abilities, and ensure that the students anticipate the probable situations where the cycle of production, consumption, and distribution is not performed in a qualified manner.
Then, the teacher asks these questions:
• What would happen if one of the steps in the production of the ice cream were not performed?
• What if the ice cream was not delivered to markets after it was produced?
• Millions of foods and necessary materials are transported to Istanbul every day. What if these foods and materials were not transported? Draw a picture of a city in this situation.
Evaluation: Their understanding of the phrases.
The second quarter (concept development): step 4
In this step, the concepts of production, delivery and consumption are explained to the students. The students are asked to create a graph based on the annual production and consumption data given to them for a selected product, with the purpose of having them use presentations to show the data they collected and students establish and solve problems related to daily life using the information shown in bar graphs, tables and other graphs, which are learning outcomes in the fourth grade curriculum. These are associated with these learning outcomes from the third grade mathematics curriculum: "The students read the primary data represented by tables and graphs, explain the data and its form using comparative language," "The students examine the bar graph and make interpretations and estimations based on the graph," and "The students create a bar graph." Goal: The goal was to transform students' informal sentences on production, consumption, and distribution into formal sentences with the guidance of the teacher. The study aimed to have the students use graphic reading and creating skills addressed to the daily life problems that were presented in the framework of productionconsumption-distribution cycle concept. Accordingly, the students created frequency tables for the frequency tables presenting the data of the selected product. With this process, the study aimed to interpret the data and convert them into a bar graph, which will improve the skills of interpreting the form of mathematical representation by correlating it to the concept of production-consumption-distribution. This process will also give students the opportunity to leave the operational meanings of the didactic tasks they were assigned by mathematics course books, interpret the data and the relations between them, and discover the mathematical relations between the representational forms of tables and graphs, which will lead them to the improvement of their mathematical thinking skills. Thus, students should be expected to relate to the underlying concepts of rules rather than just memorizing the rules directly. With this practice, the aim of this approach is to improve students' skills of building relations between real life situations and forms of representation, e.g. tables and graphs.
Activity: The teacher creates a good environment for discussion for the students and includes them in the content. Thus, the students will improve their information and concept-producing abilities, and they will use these abilities and concepts in their presentations and activities. Moreover, the teacher will have the students make nonverbal descriptions of the concepts by creating networks for them, which will also reveal how the ideas have been structured by the students and, if any, misconceptions.
The study developed a digital story activity named "The Adventure of Hazelnut" to deepen the concepts of production, consumption, and distribution that were created in the implementation of the "ice-cream's story", and improve students' abilities to produce knowledge and concept. The study also aimed to enable students to use different representations and think about the mathematical relations within this scope by interpreting the data and creating bar graphs.
For this purpose, the class will be divided into groups, and all students will watch the video, "The Adventure of the Hazelnut." Then, the students are given various pictures of the cycle of its production, delivery and consumption so that they can create this cycle for themselves, along with files containing the annual consumption data for hazelnuts so that they can prepare relevant bar graphs. These are for the activity, "Pass the File to the Other Group". Each group will examine the pictures in their own file and discuss which in stages in the cycle of production, delivery and consumption. The groups will analyze the other groups' files one by one, and they will complete all pictures of the cycle. The teacher will ask the groups to create and interpret bar graphs. The teacher will also ask the student groups to create and interpret bar graphs based on the frequency graphs showing the hazelnut production and consumption data. The groups will elect spokespersons, and they will present the cycle and tables they created to the rest of the class, while the teacher elicits different opinions and, misconceptions, if any. This environment of cognitive conflict will help to eliminate students' misunderstandings of the concepts. The selected products may be changed according to the cultural differences and interests of the students.
Evaluation: The teacher makes a written and verbal check of students' comprehension levels, concept matching, descriptions, the graphs they created by interpreting the frequency tables, mathematical communication and correlation skills and the relationships they built.
The third quarter (implementation): step 5
This step includes activities using the concepts learned so far.
Goal: The teacher guides the students in activities that reinforce the concepts they have learned. The activities are used to review the concepts and skills learned in the second quarter.
Activity: The students are divided into groups and given a research question about corn's cycle of production, delivery and consumption. The cycles prepared by the groups are presented to the whole class.
Evaluation: The teacher evaluates the students' creation of "Cycle", their cooperative studying skills, their contributions to group work, the accuracy and content of the cycles, the variety and reliability of the resources used and the quality of their efforts.
The third quarter (implementation): step 6
In this step, students implement their own knowledge by adding things themselves. The students are more active and make their own contributions.
Goal: To apply the concepts learned while enhancing the students' ability to make choices based on their curiosity and interests.
Activity: The teacher has students perform activities using the concepts from their research project to so that they attain the fourth grade mathematics curriculum learning outcomes: "The students use presentations to show the data they collected," and "The students establish and solve problems related to daily life using bar graphs, tables and other graphs."
Evaluation: Evaluation of problem-solving skills, graph reading skills and communication skills in social studies with the concepts of production, delivery and consumption.
The fourth quarter (beginning to perform new practices): step 7
In this step, the teacher analyzes students' ability to put the concepts into practice.
Goal: The goal of this step is to have students analyze the activities and internalize the concepts they have learned.
Activity: The teacher asks students these questions as preparation for the project. This is My Product.
• Draw a product that you imagine and plan to produce.
• For whom would you like to produce this type of product?
• Who would need this product?
• How would you transport this product?
• Where or in what fields can this product be used?
• Draw an annual consumption graph for your product.
• Write down the adventure of this product.
Evaluation: Rubric (Rubric Form for The Project, "This is My Product")
The fourth quarter: step 8
In this step, the teacher allows students to discover things themselves and share them with the other students. The students are more active in this step.
Goal: The goal of this step is to have students internalize and comprehend the subject based on their daily life experiences.
Activity: The students make their personal presentations in the context of the project, This is My Product, and introduce the product they imagine to their classmates. The teacher creates a good environment for in-class discussion and attempts to eliminate the possible deficiencies of peer assessment. In this step, the teacher acts as the guide, and the students are active. The steps of the 4MAT cycle are completed, and the information is reshaped. The teacher asks the students to express the formal descriptions of the concepts as well as the relationships between them. The teacher also asks students these questions to complete the cycle.
With this purpose in mind, the students are asked questions that involve concept-level knowledge. To complete the cycle, the teacher asks students the questions below. In this process, the students are requested to put forward how they structure in mind the concepts of production, consumption, and distribution as well as the relations and circle of these concepts. The students are also asked to create arguments about the economic dimension of using these concepts in daily life, and how they would explain the mathematical results of these economic facts. With these practices, the approach aims to have students interpret the concepts of production, consumption, and distribution in the process of interpreting and converting the data into bar graphs, and to demonstrate the extent to which students integrate the learned knowledge in the framework of social sciences and mathematics disciplines. Evaluation: Describing the concepts of production, delivery and consumption formally, stating accurately the correlations of these concepts with each other in the cycle, testing the associations that students make between these concepts and their graphs and occurrences in their daily lives and assessing students' synthesizing skills.
Participants
A total of 65 fourth-grade primary school students, including 33 in the experimental group and 32 in the control group who were studying in a primary school in Balıkesir Province and were selected by simple random sampling, participated in the study. Of them, 28 were male, and 37 were female and they were 10 years old.
These students were selected out of 95 students from two equally successful classes. The students were selected by taking into consideration their first-term grades. According to the results of the t-test performed for independent samples to compare the first term academic achievement of students in the experimental and control groups, no significant difference was found between their academic achievement before the practices ( � experimental=3.59, � control=3.43; p< 0.05).
Data Collection Tools
Consisting of 12 items, the Kolb Learning Style Inventory was developed and reorganized by Kolb (1984) . Its validity and reliability study in Turkey was conducted by Aşkar and Akkoyunlu (1993) . This scale was used to determine the learning styles of students. The reliability coefficients obtained from the learning styles were found to be .58 for concrete experience, .70 for reflective observation, .71 for abstract conceptualization, .65 for active experimentation, .77 for abstract-concrete and .76 for active-reflective. According to Kolb, four learning styles are defined. These are Type I learner: the highly imaginative student who favors feeling and reflecting. Type II learner: the analytic student who favors reflecting and thinking. Type III learner: the common-sense learner who favours thinking and doing. Type IV learner: the dynamic learner who favors creating and acting (Kolb, 1984 ). An achievement test consisting of open-ended questions was developed to determine the students' level of attainment of outcomes. The intended learning outcomes are shown in Table 1 .
Three questions measuring the learning outcomes separately in each discipline were prepared for the scale. The Lawshe technique (1975) was used to determine the content validity of items on the achievement test (cited by Yurdagül, 2005) . According to this technique, first of all, the prospective scale was presented to a group of two expert mathematics instructors, two classroom teaching expert instructors and four expert classroom teachers. Their opinions about the clarity of the questions, the suitability of confusing elements and their suitability to the attainments were considered. The experts were asked to rank each item as "the item measures the target structure," "the item is related to the structure, but unnecessary," "the item partially measures the target structure," and "the item does not measure the target structure." The content validity rates (CVR) of the items were determined using the opinions of the experts. If an item's CVR minimum value was 0.78 (Veneziano & Hooper, 1997 ) and higher the Explains the production steps in some products that students use. Explains the production, distribution and consumption network of some products that students use. Describes a product that students choose and explains its production, distribution and consumption network.
Mathematics learning outcomes
Uses different formats (bar charts and tables) to display the data obtained.
Interprets the production and consumption data of a product and explains them in tables and graphs. Interprets mathematical ideas in the tables and bar charts.
Poses and solves problems about daily life by using the data shown in the bar charts, tables and other graphics. α = 0.05 significance level, it was considered significant. The questions found to measure the learning outcomes best according to expert opinion were selected, and the achievement test was developed. The 10-item scale was administered to the experimental and control groups before and after the implementation, and the data were obtained.
Process of the Implementation and Planning Directions
The teaching plan was designed by integrating the outcomes of mathematics and social studies within the scope of the selected concepts It was implemented by the researchers to the experimental group 3 hours a week for a total of 12 hours for 4 weeks. Activities were organized within the frame of the eight stages of the cycle and a cyclical teaching appropriate to the students' learning styles was carried out. The activities were intended to enable students to structure their knowledge. To enable students to acquire high level thinking skills, a teaching model was designed and implemented to make interpretations, analyze information and activate knowledge. In the control group, the outcomes in the curriculum were taught by the researchers in mathematics and social studies lessons without the interdisciplinary perspective for 4 weeks. A primary school curriculum based on the constructivist approach was used. The education provided was based on activities in the school textbook published by the Head of the Ministry of Education's Council of Education Programs. All the experiments in the experiment and control group were carried out in the classroom environment.
The aim was to follow a process based on learning styles and learning cycle and to introduce the identified concepts based on the interdisciplinary perspective in line with the developed model. The reflections of the learning process are explained in phases as follows:
1st quarter (1st and 2nd steps)
The students were provided with real-life examples including the concepts of "production, distribution and consumption," identified within the framework of the interdisciplinary approach, in order to give them a chance to have personal experience and enable them to associate these concepts with daily life. The students were engaged with the course using the text "An Ice Cream Story," which was presented to enable the students to associate with real life the formally-defined concepts that they will learn despite using them in daily life.
The story tells of the ingredients required to produce an ice-cream and the production, distribution and consumption processes of these ingredients. The students were asked various exploratory questions about the process of bringing the products in the text to the factory as raw materials. This question process lasted for 20 minutes. The students shared their opinions and tried to answer these questions. Each student tried to participate in the discussion since the subject was interesting for them. At this stage, it is important to provide the students with the opportunity of individual experience. Therefore, it is recommended that the selected practices be organized considering the students' age and cultural background to enable them to be the subject of their own knowledge. Otherwise, they may not be interested in the course.
After the practice about the text, the students were asked to analyze the parts and create the production, consumption and distribution network for salep, milk and sugar. The class was divided into groups of 4-5 students to reveal the students' common experiences and individual perceptions. Each group was given colored papers and asked to list the stages of the changing process for the products in the text. The spokespersons from each group presented their group's mind maps in the class and had an exchange of ideas. This practice was turned into a competition to ensure the students' active participation in this process. The groups were asked to defend their suggestions and evaluate the other groups' suggestions for being correct. The competition increased the students' participation and motivation. This process lasted for 30 minutes.
At this stage, the first goal was to ensure that the students begin an analysis process based on their individual experiences that they had acquired in the first step. Therefore, both the individual and the group activities should be organized meticulously. Sharing information is very important at this stage to enable the students to shift from informal information to formal information based on their knowledge. Various games, computer programs or dynamic software appropriate for the students' age can be used to motivate them and increase their participation. Another factor is the number of the students and their skill levels in group activities. Teachers should be able to select the materials, methods and techniques appropriate for the students. In addition, the students should be provided with an environment where they can freely express their opinions. However, misconceptions may occur in this process.
In a bar graph, there are bars that represent the categories, and the heights of these bars are in direct proportion with the number of categories. Bar graphs are interpreted by determining the height of the bars, and conducting rating and comparison. In the fourth grade curriculum, it is expected that students create bar graphs by showing the frequencies of data groups with the height of the bars, or creating data groups by interpreting the bar graph. However, the study found that the students in different stages had a number of mistakes and misconceptions in reading, interpreting and creating graphics considering their comprehension and use. The misconceptions that were observed to be repetitive and clear in the qualities of students' knowledge about graphics were divided into four groups: misconception of resembling the graphic to an image, height-curve misconception, dot-interval misconception, and continuous-interrupted graphic confusion (Leinhart, Zaslavsky & Stein, 1990) . Additionally, some students made mistakes in interpreting the graph due to having problems in scaling the axes (Hotmanoglu, 2014) In the social sciences, past studies have shown that students make mistakes and have misconceptions in the framework of the production-consumption-distribution concept which is included in the concepts of economy. As the reasons for these mistakes and misconceptions, studies have put forward the statements "the savings that an individual obtains to meet a personal need", "contributing the national economy", and "making production within the country" in relation to the subject of production. Also, some other studies in the relevant literature claim that students may have misconceptions due to an over-specific view about the concept of economy as they consider it a "cycle of production, consumption, and distribution" (Kılıçoğlu and Akhan, 2014) .
Teachers should be prepared for this problem; they should be aware of the misconceptions about the subject and be prepared to eliminate them. No misconception was observed in the practice in this study.
2nd quarter (3rd and 4th steps)
In the third step, the objective was that the students integrate their observations and the concepts they created. The students named the concepts of production, consumption and distribution based on the process of being treated for ice cream and their daily life experiences. Another practice found interesting by the students was the practice of "imagine," which aimed to allow the students to approach the concepts from a different point of view. For this purpose, the students were asked questions such as "Millions of foods and requirements are brought to İstanbul every day. In your opinion, what would happen if these foods and requirements could not be brought? Please draw a picture of a city to which these materials could not be brought." This practice provided the students with the opportunity to develop the concepts in their minds using their creativity and critical thinking skills. They discussed the problems that may occur with their classmates by presenting the opinions they indicated in their pictures. Although the students had different levels of skills in drawing, their answers showed that they internalized the concept.
After the practices, the students' informal sentences about the concepts of production, consumption and distribution were transformed into formal sentences with the teacher's guidance. Then, the students created graphics and interpreted them using a digital video called "The Adventure of the Hazelnut". This video was relevant to the concept. Each group was given pictures symbolizing the stages of the network of the production of hazelnuts, consumption and distribution and the data of hazelnut production and consumption based on years, and asked to create the production, consumption and distribution network for hazelnut (Annex 1).
The students were divided into 5 groups and took part in the "pass the file to the others" activity. Five files were created and randomly distributed to the students. Each group reviewed the files and made conclusions about the stages of the production, consumption and distribution network of the pictures in the files. The groups respectively reviewed their own and other groups' files, and thereby the pictures of the cycle were put in an order by all of the students. Then the students were asked to create the column charts for the frequency tables including the data of hazelnut production and consumption. The spokespersons presented the graphics they created based on their previous learning to their classmates. The students used their knowledge on interpreting the primary data represented via tables and graph, reviewing a column graphic, and creating a graphic which they learned in mathematics in the third grade. They passed to the stage of solving the problems about graphic interpretation and creation by means of the real-life example of the hazelnut. Some students had difficulty in creating the graphics because they could not remember how to do it. They managed to create the graphics by cooperating with their friends in the group. Incorrect graphics were corrected with teacher's questions and discussions. The mistakes regarding the column width and unit ranges could be corrected since they did not arise from misconceptions.
Misconceptions may occur at this stage. Therefore, teachers should be prepared for this problem and try to eliminate misconception by means of texts on conceptual change or concept cartoons. In addition, the teachers that are specialized on the integrated disciplines can cooperate with each other, and even carry out the course together. Another issue is the necessity to design the student activities in a way to allow the development of the concept. It is recommended that different activities be designed for different age groups considering the interdisciplinary perspective (e.g. digital stories, scenarios, cartoons, and tools).
3rd quarter (5th and 6th steps)
During the implementation step of the model, the groups were asked a research question to create the production, consumption and distribution cycle of corn. This question aimed to strengthen the concepts they had learned. Corn was selected as a common product in order to allow the comparison of the interpretations regarding the graphics to be created for digital data during the next activities. It is recommended that the products be diversified considering the geographical region where the study group lives. The students were given one week to do research for the above-mentioned assignment. They did their research consulting the web pages recommended by the teacher. This limitation was due to the fact that the students were in primary school. Then, the students presented the projects they had built. During this process, students' cooperation skills, contributions to the group works, correctness and content of the cycles, research skills, and the variety and reliability of the resources that they used were prioritized. Some groups did their research in the school's computer laboratory. At this stage, providing the students with the opportunities or materials required to fulfill the duties is important for the healthy progress of the process.
The worksheet regarding the acquirements of "He/she uses different demonstrations to present the data he/she finds" and "solves and forms problems about daily life using the information shown in column graphics, tables and other graphics" was administered to the students based on corn after implementing the project. This worksheet is included in the mathematics curriculum for the 4th grade and given in the Annex 2. The worksheet includes various phased questions and the use of problem solving and graphic interpretation skills. During this process, many students succeeded in interpreting the graphics and comparing the amounts of consumption and production since they comprehended the cycle. The students easily answered the questions about the graphics because they understood the meaning of the concepts of production and consumption. For example, they easily answered the question "In which years the amount of produced corn could not meet the amount of consumed corn? Why?" that aimed to compare column graphics showing the production and consumption of corn in years.
4th quarter (7th and 8th steps)
During the final step of the model, the students performed the project called "This is my product." They were asked to create the cycle for a product they selected and the production and consumption graphics of that product in years. They built their individual projects by doing research for one week. Some students preferred well-known products such as wheat, and collected the production and consumption data for these products from web sites. Some students, on the other hand, selected the products they found interesting, such as watermelon, and created imaginary digital data about them. The most interesting product for the students was tomato grown without soil. The students stated that their imagination became stronger as they saw different ideas. In addition, they tended to do research on various subjects such as different agricultural ways, the products they did not know, different graphical presentations, and the relationship between economics and products.
Data Analysis
According to data obtained from the achievement test, the standardized absolute achievement scores were calculated and compared. The percentages of correct responses for the items were calculated to determine the levels of attainment of the learning outcomes, and these levels were interpreted using the 0.75 criterion (Bloom, 1998) . The differences between the pretest-posttest mean scores on the scale items were assessed using the dependent samples t-test, and the significance of difference between levels of attainment by learning style was assessed using one-way variance analysis (ANOVA). This study used the Scheffe test to determine the source of the significant difference. The significance of social studies, mathematics and total achievement mean scores in terms of the experimental and control groups was analyzed using the independent t-test. Moreover, this study calculated the effect size to shed light on the practical significance of the results. In the variance analyses, the suggestions offered by Cohen (1988) were used as the basis for interpreting effect sizes. For t-test results and for the ANOVA test, Cohen's d and Cohen's f values were calculated, respectively. For Cohen's d, the effect sizes obtained were interpreted as small, if the value was between 0.20 and 0.50, as medium, if the value was between 0.50 and 0.80, and as large, if the value was greater than 0.80. According to the eta-squared value calculated, the effect sizes were interpreted as "0.01: small", "0.06: medium", and "0.14: large." For all result interpretations, the significance value was 0.05.
RESULTS
In this study, a teaching plan for mathematics and social science learning outcomes, which was designed through the integration of the 4MAT teaching and interdisciplinary concept models was administered to the experimental group. This study determined outcomes in the program separately for the students in the control group within the framework of activities in the course book used during mathematic and social studies courses. The significance of the difference between the pretest and posttest mean scores of the experimental group and the control group was compared using the dependent samples t-test. The data obtained are shown in Table 2 . Table 2 shows that the posttest mean score ( � =90.31) of the experimental group was higher than its pretest mean score ( � =3.75), and that the posttest mean score of the control group ( � =67.27) was higher than its pretest mean score ( � =1.51). According to the results of t-test, the "t" value was significant for both groups at the level of 0.05 [tcontrol=-21.36, p < .05; texperimental=38.86, p < .05].
After the experimental study, the level of mean achievement of the experimental and control groups were compared using the independent groups t-test. For this purpose, the difference between the pretest and posttest scores of groups within themselves was considered, the achievement score was compared in mathematics, social studies and in general. The results are shown in Table 3 .
The t-test results showed that there was a significant difference between the achievement mean scores on the general scale [t=5.44; p < .05], the mathematics mean scores [t=4.98; p < .05] and the social studies mean scores [t=3.46; p < .05]. The general, mathematics and social studies' difference mean scores were found to be 20.81, 11.12 and 9.68, respectively, and were higher for the experimental group. This showed that the teaching practices were more effective for the experimental group. The Cohen's d factor, calculated to determine the effect of the independent variable of teaching method on the dependent variable of success grade, was found to be 1.36 for overall success, 0.85 for social studies, and 1.25 for mathematics. These results show that the teaching practices performed as part of the model proposed had a great effect on the enhancement of academic achievement in social studies and mathematics achievements. Moreover, the values of the effect size show that the results obtained were moderately significant for achievement in social studies, and highly significant for overall success and achievement in mathematics.
The percentages of correct responses for questions measuring each learning outcome (item difficulty index) were calculated for the pretest and posttest to determine the students' levels of attainment of the learning outcomes. The pj values of item difficulty indexes, the difference between them and t values were calculated, and the results are shown in Table 4 .
The control and experimental groups were found not to attain any outcomes at the level of full learning before the instruction. The posttest results of the students in the control group showed that they attained the S1, S2, S3, M1 and M3 learning outcomes in the social studies and mathematics disciplines, and the students in the experimental group attained all the outcomes after instruction at the level of 0.75. The difference between the pretest and posttest scores of students in the experimental and control groups was found to be significant for each acquisition according to t values (p < .05). The level of attainment of outcomes was 100% in the teaching model carried out by integrating the 4MAT teaching and interdisciplinary concept models, while this percentage was 50% for both social studies and mathematics outcomes. To investigate the significant difference between students' learning styles and achievement scores of the control and experimental group one-way variance analysis is used. The results of one-way variance analysis (ANOVA) are shown in Table 5 . The achievement scores of the students in the experimental group did not differ significantly by learning style [F(3-28) = .501, p > .05] . The lack of a difference in the experimental group may have resulted from the fact that the teaching was based on learning styles.
However, there was a significant difference in the control group [F(3-29) = .007, p < .05]. According to these results, the hypothesis of H0 (There is no significant difference between the success of the students with different learning styles in the control group) was rejected for the control group. In other words, there was a difference between the achievement means of the students in the control group when different learning styles were implemented. Despite reaching statistical significance, the actual difference in mean scores between groups was medium. The effect size, calculated using eta squared, was .08. This study determined that the mean achievement scores, in terms of learning styles, were � = 52.85 for Type I, � = 70.0 for Type II, � = 75.0 for Type III, and � = 46.66 for Type IV, according to the results of the Post Hoc comparison that was made using the Scheffe test. The learning achievement mean scores of students in the control group who had the third type of learning style ( � =75) were found to be higher than those of students with other learning styles. According to the results obtained, there was no significant difference in achievement mean scores between students in terms of the learning styles of Type I, Type II and Type IV. However, a significant difference was found between students who had learning styles of Type I and Type III.
DISCUSSION AND CONCLUSIONS
In this study, the "4MAT Teaching Model" and "Interdisciplinary Concept Model", the applications of which aimed to gather different disciplines around the selected concept or concepts, were integrated within the scope of the disciplines of mathematics and social studies. For this study, these two models were combined to develop and test what was designated the Interdisciplinary 4 Mode Teaching (I4MAT) model.
From the data collected on the practices, the following results were obtained: Compared to the control group, the teaching practices related to the designed model had a significant effect on the enhancement of the general gain and the outcomes of social studies and mathematics in the experimental group, Students in the experimental group achieved all outcomes at the full learning level, while the students in the control group achieved 50% of the outcomes.
This study found that the outcome scores of the students in the experimental group did not significantly differ according to their learning styles, although there was a significant difference in the outcome scores of the students in the control group.
Within the scope of the teaching practices designed in this study, the experimental group students, in contrast to the control group students, reached the outcomes requiring superior thinking skills at the full learning level.
The outcomes for social studies, such as explaining the steps in the production of products, sorting them correctly and describing the production, consumption and distribution cycle of a product, served as an indicator of the students' skill at the level of synthesis. The students in the experimental group attained mathematics and social studies learning outcomes, such as interpreting the production and consumption data of a product, explaining tables or graphical charts, associating information given on the bar chart, table and other charts with daily life, and posing and solving relevant problems. In contrast, the control group students did not achieve outcomes requiring superior thinking skills. This means that they could not understand and interpret the concepts of production, consumption and distribution cycle within the framework of the disciplines of social studies and mathematics. Moreover, they did not achieve a sufficient achievement level in problem posing and problem solving.
The content and development process of the eight-stage lesson plan prepared for mathematics and social studies by integrating the interdisciplinary concept model and the 4MAT teaching model were presented in detail in this study. The plan was administered for 12 hours, and the effect of this teaching on achievement and levels of attainment of learning outcomes was examined. The teaching of learning outcomes for activities in the mathematics and social studies textbooks was organized for the control group to whom the teaching plan was not administered.
This study found that; the teaching practices were more significantly effective for the experimental group's mathematics, social studies and general achievement than for the control group. The experimental group attained all of the outcomes at the level of full learning while the control group attained them at the level of 50%. The mean achievement scores of the students in the experimental group did not show a significant difference by learning style, but they did for the control group. The results obtained from some of the studies in the literature show similarities. (Lee& Lee, 2013; Özgen, 2013; Özgen & Alkan, 2012; Thomas, 2015; Yurt, Aydin & Sahin, 2015) .
The students in the experimental group were found to attain fully the learning outcomes requiring superior thinking skills, unlike the control group. Explaining the steps in the production of products, sorting them correctly and describing the production, consumption and distribution cycle of a product selected by the student as an indicator of the students' skill at the level of synthesis are examples of social studies learning outcomes. The students in the experimental group attained mathematics and social studies learning outcomes such as interpreting the production and consumption data of a product, explaining tables or graphs, associating information given on the bar chart, table and other charts with daily life, and posing and solving relevant problems. However, the students in the control group were unable to not attain the outcomes requiring superior thinking skills. They were unable to interpret the production and consumption cycle and were unable to reach the adequate achievement level in posing and solving problems. In today's world, where people aim to develop skills applicable to the 21st century, innovation and exploration are vital skills to have. This makes the configuration of information and interdisciplinary studies essential (Ministry of National Education 2015a , 2015b NCTM, 2000; NCSS, 2010) . The demand for people who can develop innovative projects and conduct interdisciplinary studies can be met by arranging teaching environments in accordance with an interdisciplinary perception. The I4MAT model, which was developed on the basis of the constructivist pedagogy approach, is a model that aims to organize and achieve the integration of different discipline areas. The prototype of the model is shown in Figure 3 .
The I4MAT model aims to reveal potential common points of different disciplines by looking at the educational process with a more comprehensive perspective. The core of the model includes the integration of skills with the content of the disciplines selected. The model process involves integration based on learning styles and features eight phases of the learning cycle.
This integration phase consists of four phases. In the first phase, the basic interdisciplinary subject and concepts are determined. In the second phase, sub-subjects and concepts regarding these concepts are determined using the brainstorming method, and disciplines possibly related are listed. These disciplines should be selected from disciplines that can reveal the subject or concept in the best possible way. In the third phase, problem statements that serve to establish a connection between the selected disciplines are specified. It is necessary to integrate disciplines around the common problems specified. Therefore, this model provides the grounding from which problems can be examined through an interdisciplinary perspective and common skills can be developed. The skills required by the 21st century and the specified interdisciplinary skills are handled using this perspective and then achieved with the 8-phase process of the 4MAT teaching model. In this process, the learning environment is organized in such a way that students find answers to the questions of what, why, and if based on the characteristics of the learning styles. In activities and practices, it is important for students to discover concepts and to form the information on their own. The process is planned with problem situations, studies, projects and activities which enable improvement in the skills of problem solving, thinking (classification, interpreting, analyzing, synthesizing), communication, association, critical thinking, creativeness, cooperation, innovativeness, technology use and metacognition. Studies on the 4MAT teaching model and the interdisciplinary concept model (Blair & Judah, 1990; Nicoll-Senft & Seider, 2009; Repko, 2007) helped in the development of the proposed model. However, there is no model in the literature that integrates these two models. McGehee (2001) developed a disciplinary unit based on problem solving strategy in a long-term project. In this study, we developed a multi-disciplinary approach to mathematics education, based on the 4MAT system-based units and problem-solving steps. In his study parallel subject development in separate classrooms to humanities/mathematics/science teams united in one team/classroom, in which content is integrated through the actions of the problem-solving process In some studies, disciplinary units based on strategies have been developed. A number of studies have stated the difficulty of planning an interdisciplinary teaching process (Bromme, 2000; Capraro, & Jones 2013; Crow & Pounder 2000; Jacobs, 1989; Lattuca, 2006) . The reason for this difficulty is that the process requires determining, evaluating, and eliminating the differences between the ways of comprehension involved in each discipline. For the continuation of the process, cognitive development should be ensured. However, cognitive development is not possible without integration or synthesis (Lattuca, 2001) . The proposed I4MAT model enables the integration of interdisciplinary perceptions based on different perspectives by building a more comprehensive perspective. Thus, it aims to ensure cognitive development.
The I4MAT model offers a strong interdisciplinary model structure. Moreover, because it includes an integrated teaching approach, it enables information to be gained and assessed in an interdisciplinary environment. This It is well-known that teachers encounter different problems when applying interdisciplinary approaches, as planning an interdisciplinary process requires more than sharing the content (Schroth & Seitz, 1997) . In general, there are problems in properly shaping the process due to the issues arising from the perspectives of the teachers on the interdisciplinary teaching process. Jacobs (1989) defined two problems about this issue, the "Potpourri Problem" and the "Polarity Problem". The Potpourri Problem involves the tendency of teachers to turn an interdisciplinary unit into sample knowledge of each discipline. In other words, introducing a bit of mathematics, a bit of social studies, and a bit of history during the teaching of a course is perceived as interdisciplinary teaching. The Polarity Problem involves the issue of teachers being faced with the challenge of presenting the interdisciplinary nature of the subject without recourse to the content and practices dictated by the course book. Teachers are uncomfortable with having to develop the habit of considering disciplines outside of their own areas and with having to digress from the standard teaching methods and practices associated with their own field of discipline. It is here that the "Polarity Problem" emerges.
To overcome these problems, teachers should be active curriculum designers. The interdisciplinary concept model also includes suggestions to address these problems. With its teaching design process, the I4MAT model offers a different perspective on these problems that teacher may encounter.
Teachers who have awareness of and are educated in interdisciplinary studies are necessary for the functionality of the model. Apart from its strong points, this model does include certain application difficulties that arise from its interdisciplinary structure. Ignoring these difficulties may reduce the effectiveness of this model. One of these difficulties is that the model requires teachers who are aware of the Potpourri Problem and the Polarity Problem, as this model rests on the interdisciplinary approach. In planning the teaching for the I4MAT model, it is important for teachers to work within the framework of the curriculum at the beginning of the education period. Therefore, it is necessary to create an environment in which teachers and school principals can work in close cooperation regarding timing and content (Schoch & Seitz, 1997) . Moreover, teachers should have sufficient knowledge of and be well-prepared in interdisciplinary and student-centered approaches to perform effective I4MAT teaching. Despite these prerequisites, at the beginning of the education year, teachers must organize meetings and plan the curriculum with teachers who are working in their own areas of discipline. This situation may have negative effects on the planning and implementation of teaching designs and thereby lead to the emergence of Potpourri and Polarity Problems. Moreover, one of the most important criteria in creating teaching environments for the I4MAT model is that teachers working in different disciplines are not simply brought together in one teaching environment. Rather, these teachers should indicate the relationship of the concept associated with their discipline through dialogue that focuses on the concepts to be taught (Feng, 2012; Max-Neef, 2005 ). The school culture should be created in this way. Another problem that can be encountered is time constraints, as planning and assessing the process and content require thorough attention to detail, which demands that substantial amounts of time be devoted to doing this. To overcome these problems, interdisciplinary laboratories should be established in schools, and cooperative activities should be focused on time factors rather than on the teaching process to prevent unnecessary delays. ANNEX 1 
